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I. INTRODUCTION

There are several major problems which make a precise measure of

seat belt effectiveness very difficult. One of these is the presence

of mi scl assif ication errors in police-reported accident data. To date,

most studies on the effectiveness of seat belts in reducing injury have

been based on police-level data. Due to the circumstances surrounding

the officer's investigation of the crash, however, this data generally

contains misclassif ication errors relating to belt usage and injury

sustained. Such errors have the potential of seriously biasing any

effectiveness estimates derived from that data.

The problem of misclassif ication errors in pol ice-reported accident

information with reference to studies of seat belt effectiveness was

first raised by Mela (1974) and further discussed in Hochberg (1976).

The discussion in the latter report supported the need for a methodology

for modeling and obtaining unbiased inferences from general categorical

data with miscl assif ication errors.

Much has been written on the effects of misclassification errors on

studies of association in 2 x 2 contingency tables (see, e.g., Fleiss,

1973, Ch. 3). In Koch (1969), the misclassification errors are assumed

to be generated according to a random response error model. As such,

the methodology is based on repeated classifications of the experimental

elements. Such a methodology, however, can not always be satisfactory

because of obvious practical difficulties and since, in many problems,

misclassification errors are fixed biases rather than random response

errors.
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Most studies of the potential effects of fixed bias misclassif ica-

tion errors have severely restricted the number of error parameters

examined. In the 2x2 table setup, one may theoretically have as many

as 12 different parameters for fixed bias mi scl assif ication errors.

(For example, an element which actually belongs in the first row and

the second column may be miscl assified into the second row and second

column, etc.). In practice, however, many of these parameters are

assumed to be zero. Thus, Bross (1954) introduced a model for fixed

bias mi scl assif ication errors for a 2 x 2 table where only two error

parameters are considered; and Hochberg (1976) discussed the effects of

six error parameters on three measures of association in 2 x 2 tables of

belt usage by level of injury.

While the effects of more general misclassif ication error structures

on inference have been discussed in some recent works (see, e.g.,

Goldberg, 1975), no methodologies for an improved statistical inference

have been presented. The purpose of the present report is to present

such a methodology, and to apply it to the study of safety belt effec-

tiveness.

The setup for the methodology is general; i.e., the discussion can

be applied to any mul tidimensional cross-classified data obtained by

unrestricted random sampling. The methodology itself is based primarily

on the double sampling scheme originally introduced by Tenenbein (1970,

1971, 1972) for estimating the parameters of a multinomial classification

when mi scl assif ication errors prevail.

The following situation is assumed. There are two classification

"devices" available. One is expensive to apply, yet gives "correct"

results, while the other is relatively inexpensive but "fallible." As
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an example, Diamond and Lilienfeld (1962) discuss an experimental situa-

tion in public health research where the true classification device is

a physician's examination, whereas the fallible classifier is a question-

naire completed by the patient. In other situations, the "true device"

and "fallible device" may simply refer to making or not making an extra

effort to obtain more reliable data.

The methodology, as developed in this report and applied to the

study of belt effectiveness, uses an original large sample based on

(fallible) police-reported data, and requires that a small subsample of

the data be cross-classified by means of some "true" classifying device.

In this case, the true classifier is assumed to be hospital reports on

the injured occupants and telephone interviews for the non-injured

occupants. The supplementary sample of cross-classified data is then

used to adjust the original police-based sample, and inference of seat

belt effectiveness is taken from this larger, adjusted sample (the

adjusted police data).

In real world problems, it is often the case that the true classi-

fication device uses different nominal scales than those used by the

fallible device. This is illustrated by the seat belt data presented

in this report, where injury is coded by the police using the K,A,B,C,0

scale, but reported by the hospitals according to the Abbreviated

Injury Scale (AIS). In such instances, use of the two-sample method-

ology Ibs the additional advantage of enabling one to carry out an

efficient study expressing results in terms of the (often) finer scale

utilized with the relatively small supplementary sample. Thus, for the

present study, final estimates of seat belt effectiveness could be based

on the AIS scale, rather than the less precise K,A,B,C,0 scale.
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In summary, the two-sample methodology proposed in this report

represents one approach to resolving the problems of inference arising

from classification errors in categorical data. To highway safety

researchers concerned with the issue of safety belt effectiveness, it

is offered as a viable alternative to drawing inference solely from

police report data (which may be biased) or obtaining an independent

reliable sample of sufficient size and basing inference entirely on it

(a process that is likely to be both costly and time consuming).

The methodology itself is described briefly in Chapter II and in

detail in Appendix A. In Chapter III, the original large data source

and the supplementary data used to demonstrate the technique are described.

Chapter IV presents the results of applying the technique to this data,

while Chapter V presents a general discussion of the nature and actual

magnitude of mi scl assification errors in the data. This chapter is the

outgrowth of an effort to test certain hypotheses concerning misclassi-

fication errors that were made in the Hochberg (1976) report. Finally,

Chapter VI provides a discussion of the methodology with suggestions for

further research in this area.



II. METHODOLOGY

The statistical methodology developed in this research (see

Appendix A for details) pertains to the setup where all variables are

subjected to misclassification errors when the fallible device (i.e.,

police reports) is used. It is assumed herein that the magnitudes of

errors within combinations of levels of the correctly reported set of

variables are possibly different.

The procedure basically extends Tenenbein's (1970, 1971 , 1 972)

double sampling scheme originally introduced for estimating the param-

eters of a multinomial distribution when misclassification errors pre-

vail. The procedure simultaneously utilizes the information from a large

"fallible" sample (in this case, a large collection of pol ice-reported

data) along with a relatively small "non-fall ible" supplementary sample (in

this case, data from telephone and emergency room respondents) to more

efficiently estimate the multinomial parameters ( tt

(

i ) ) of interest

(namely, belt usage by injury category).

The cross-classification of the resulting data by both police reports

and non-police reports results in contingency tables with underlying

multinomial distributions. The task is to find efficient estimators for

the parameters of the resulting distributions along with covariances of

these estimators for subsequent hypothesis testing.

The details of the estimation and testing procedures along with the

necessary notation are given in Appendix A. In a nutshell, the procedure

consists of two stages. In the first stage, Maximum Likelihood tech-

niques are uti 1 ized to estimate the overall true distribution of occupants

in accidents across the levels of
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(belt usage) x (injury) x (other variables of

interest such as

type of car)

This is done by setting up the joint likelihood function (A.l) for the

combined sample, differentiating, and setting the partial derivatives

equal to zero. This yields the MLE's given in (A. 2) which are related

to the main parameters of interest (tt(i)) by (A. 3).

Asymptotic covariances of the tt's are next derived by Taylor series

expansions. For efficiency, these estimates serve as initial input to

the asymptotically equivalent Least Squares procedures presented in

Grizzle et al . (1969) for additional inferences concerning linear hypo-

theses involving the tt's.

Thus, the estimates make use of the information in both samples to

derive estimates of the tt's. If the supplementary (or non-fal 1 ible)

sample were sufficiently large, it would be optimal to use only this

sample. However, the procedure suggested herein allows for a relatively

small but expensive "non-fall ible" sample supplemented by the large but

inexpensive "fallible" sample to carry out improved estimation and test-

ing procedures for such categorical data problems.



III. THE DATA

The data used to demonstrate and evaluate the methodology presented

in Chapter II was derived from North Carolina traffic accidents. The

original large sample consisted of over 139,000 occupants in accidents

involving cars or small trucks for which police report information on

belt usage was available. The accidents were those recorded on the HSRC

North Carolina accident tapes for the first eight months of 1975.

Table 3.1 presents the raw data, broken down by age. and sex of driver,

car "make" and model year, vehicle damage severity, and accident type.

(The "not stated" or "unknown" categories are deleted from the table.)

In order to not only examine the effect of misclassif ication errors

in this police-reported data but also to adjust the belt effectiveness

estimates accordingly, supplementary data was obtained for a subsample of

over 2,000 North Carolina accidents. For this phase of the study, it was

assumed that follow-up telephone interviews would provide "true" informa-

tion on belt usage and injury level for the non-injured occupants, while

special forms completed by participating hospitals would supply the corres-

ponding "correct" information on the injured occupants. During the four

month data collection period, over 2100 telephone interviews were success-

fully completed, and over 900 hospital forms linked with accident reports.

Appendix B presents the cross-classification of the police and non-

police data by belt usage and injury level across a number of variables

indicated on the accident report form. These include age and sex of

driver, car "make" and model year, vehicle damage severity (TAD), and

accident type.
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The remaining sections of this chapter describe in greater detail

the processes involved in obtaining the supplementary telephone and

hospital data, along with the weighting of the supplementary sample

required to make it representative of the overall accident sample.

The Telephone Survey

For this phase of the study, the North Carolina Division of Motor

Vehicles (DMV) furnished HSRC copies of randomly selected accident report

forms recently received from across the state. The initial quota of 250

accident reports per week was gradually increased to 450 per week to

build up the sample size for the uninjured occupants. In addition, some

300 supplemental accident reports were obtained from the local police

departments in Chapel Hill and Raleigh.

As copies of the accident reports (see Appendix. C) were received by

HSRC, they were screened to exclude injured occupants as well as acci-

dents involving motorcycles, pedestrians, tractor trailers, etc. Next,

as the North Carolina accident report form does not provide the telephone

numbers of the drivers involved in the accident, a rather complicated

and time-consuming, yet educational process was carried out to locate

these individuals. This involved first trying to obtain an appropriate

telephone number and then reaching the desired person for the interview.

Some of the difficulties encountered included the following:

(a) The names and telephone numbers of females were particu-
larly difficult to locate in the telephone directories
since wives are usually not listed separately from

their husbands, nor daughters from their fathers. In

the case of married women, this problem could have been

alleviated somewhat had the police also recorded the

husband's name (rather than "same as driver") under
the vehicle ownership heading on the accident report.

Consequently, considerable effort was devoted to
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exam Ini ng the telephone directories to try and match last

names with street addresses, or, for the smaller towns,

imposing on the telephone operator to perform this task.

(b) In North Carolina, there are a large number of small,

private telephone companies operating throughout the

state. Not too infrequently, two different telephone
companies operated within a given radius of a community,
but an individual's telephone number was naturally only
listed in the directory of the company that owned his

phone. Thus, one could not conclude that a given tele-
phone number was not available after looking in just one

directory, unless one was certain that there was not a

second telephone company operating in the area. Unfor-
tunately, this information was not always available and
thus the "no listing" frequency was inflated.

(c) North Carolina has two different area codes (919 in the

East, 704 in the West) with no available listing of
which towns are in which area. This only further
served to complicate the job of the information operator
for addressees in some of the smaller municipalities.

As the telephone numbers became available, the interviewers concen-

trated their calling during the early evening hours, primarily on week-

days. Initial contact with family members did, however, often require

follow-up calls of the accident-involved occupant during office hours,

late in the evening, or on weekends. All telephone numbers were

attempted for at least three days before being classified as "not

reachable"

.

Appendix D contains a copy of the questionnaire that was utilized,

along with the suggested introductory remarks to be used by the inter-

viewer. Over the four-month interviewing period, for nearly half of the

accident-involved drivers there was no telephone listing and hence these

people were unfortunately not reachable. For an additional few cases,

the subject was not available for interview. Of the remaining cases,

only 2.9 percent of those contacted flatly refused to cooperate, while

an additional 0.5 percent denied being in an accident. The upshot was

questionnaire information on 2,132 uninjured occupants, along with the

corresponding accident information from the accident report forms.
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The Hospital Survey

The second data source used to evaluate the accuracy of police-

reported belt usage and injury level required the cooperation of hospitals

and, in particular, their emergency room staffs. More specifically, it

required that the hospitals submit a completed form (see Appendix E)

with information on belt usage and degree of injury for each patient seen

in the emergency room as a result of an automobile accident.

Fourteen hospitals across North Carolina were contacted as poten-

tial participants in this phase of the study. All but one of the hospi-

tals had assisted during 1972 in a similar type study (see McLean, 1973).

The following eleven hospitals participated in this study resulting in

statewide information on "correct" belt usage and injury level:

Alamance County Hospital, Burlington, N.C.

Cabarrus Memorial Hospital, Concord, N.C.
Cape Fear Memorial Hospital, Wilmington, N.C.

Forsyth Memorial Hospital, Winston Salem, N.C.

Gaston Memorial Hospital, Gastonia, N.C.

High Point Memorial Hospital, High Point, N.C.

King's Mountain Hospital, Kings Mountain, N.C.
Memorial Hospital of Alamance County, Burlington, N.C.

Onslow Memorial Hospital, Jacksonville, N.C.

Wake County Memorial Hospital, Raleigh, N.C.

Watts Hospital, Durham, N.C.

After each hospital administration agreed to assist in the data

collection, a training session with its emergency room staff was held.

The keystone of the training session was the stressing of the importance

of inquiring about seat belt usage while the patient was being treated.

With those unconscious or disoriented cases, the emergency room staffs

were encouraged to question witnesses or even the ambulance services

personnel regarding belt usage. Because of their expressed interest in
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the outcome of the survey, all hospitals were promised (and will receive)

a copy of the completed report.

Appendix E contains a copy of the form completed by the emergency

room staffs on each accident victim. The form (HSR-006) was designed

with the goal of being comprehensive and yet easy to complete in the

midst of emergency-type pressures and confusion. For ease and accuracy

in making the correct injury (AIS) classification, the standard American

Medical Association scale definitions on injury categories were incor-

porated into the form (see page 67 ). The hospital staff were further

instructed to call HSRC (collect) if they had any questions regarding

either the forms or some broader aspect of the study. Bi-monthly news-

letters were also issued by HSRC to clear up any problem areas as well

as to offer encouragement and support to the participating personnel.

As a result, there were no major difficulties associated with this phase

of the study.

The hospitals collected data on accident victims from March 1, 1975

through June 1, 1975. As forms were completed, they were mailed to

HSRC in the pre-addressed business reply envelopes provided. Each week,

HSRC compiled a list of the name of each injured occupant reported by

the cooperating hospitals along with his bi rthdate , county of residence,

and date(s ) of treatment, and then forwarded this information to the

Division of Motor Vehicles (DMV). The DMV staff then, to the extent

possible, located the accident reports corresponding to the names on the

list.

Due to time delays in receiving accident reports from the various

police agencies across the state, there were inevitable difficulties in
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locating the corresponding accident report forms. Two weeks into the

study, DMV requested that in addition the driver's name be submitted with

each accident victim's name. It was anticipated that this would increase

the percentage of linkages with the accident records file. Through the

regular newsletter to the hospitals, this additional step was quickly

implemented by the hospital personnel.

Even with this additional information with which to link the emer-

gency room data with the police accident data, it was not always possible

to locate the corresponding copy of the police report form. This was as

anticipated due to occasional lengthy delays in DMV receiving the reports

from some of the smaller or more remote police departments. Also, if

the accident victim provides false information (names) in the emergency

room setting, that case will not likely be able to be used. Nevertheless,

the rate of linkage (slightly over 70%) appeared reasonable and no serious

biases were evident.

Once a hospital report form was linked with its corresponding acci-

dent report from the DMV file, information from both sources was key-

punched and placed on file for subsequent analysis. As mentioned pre-

viously, a total of 911 emergency room forms were successfully linked

and coded during this phase of the project.

Adjustment of the Supplementary Sample

Clearly, the supplementary sample described in the preceding two

sections is not a simple random sample from the larger sample of

North Carolina accidents for which police-reported information is avail-

able. Actually, it is structured as a stratified random sample where

its two strata are based generally on injury level. With very few
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exceptions, those occupants interviewed over the phone did indeed place

lower on the injury scale than those for whom information was obtained

via the hospital reports.

In order to account for any biases that such a sampling scheme

might introduce, the data were adjusted to reflect the overall target

population (i.e., all North Carolina accident victims) with respect to

certain relevant variables, namely those whose distributions are con-

founded in the design--age, sex, race, and level of injury.

Table 3.2 compares the pol ice-reported data for the supplementary

sample only with al

1

of the police-reported data for the first half of

1975, prior to any adjustment (i.e., weighting).

Table 3.2 Age, sex, race, and injury distributions of
supplementary sample and 1975 accident data.

Suppl ementary
Variable Level Sample 1975 Accidents

Age
16-55 87.0 87.8
56+ 13.0 12.2

Sex
Mai e 60.7 66.8
Femal

e

39.3 33.2

Race
White 83.9 77.1

Non-White 16.1 22.9

No Injury 74.0 82.7

Injury
Level

C Injury
B Injury

10.6
11.9

7.7

7.0
A Injury 3.2 2.3
Fatality 0.3 0.3

As expected, the unadjusted supplementary sample inflates the pro-

portions of injury, except for fatalities. It also oversamples whites

and females. Again, this might be anticipated, since these individuals
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are, for example, generally easier to contact in a telephone survey.

Finally, the age deviations between the two samples are small.

As a result of this investigation, the suppl ementary sample was

weighted to match the relevant 1975 accident data with respect to its

distribution over the 40 cells in the cross-classification of (age) *

(sex) x (race) * (injury level).





IV. RESULTS

In this chapter are presented estimates of injury risk and belt

effectiveness based on the North Carolina pol ice-reported data only, the

suppl ementary (non-police) data only, and the combined police and supple-

mentary data (applying the methodology described in detail in Appendix A).

This is done for a number of control variables of interest, including age

and sex of driver, model year and type of car, vehicle damage severity

(TAD), and accident type.

The specific procedure utilized is the modified Maximum Likelihood

approach described in Appendix A . This approach is the most convenient

to apply, and the results are generally equivalent to those obtained via

the complete Least Squares approach.

Due to the relatively small size of the suppl ementary sample, only

two levels of each control variable were considered. These are defined

as follows:

Sex: Male
Femal

e

Age: 16-55

56+

Car type: U.S. (e.g., Chevrolet, Plymouth)
Foreign (e.g., VW Beetle, Datsun)

Model year: pre-1972
1972-75

Vehicle damage severity:

Minor (i.e., front center or front left

impacts of TAD severity 1; all other
impacts with severity < 3 )

Moderate or severe (i.e., front center or

front left impacts of TAD severity > 1;

all other impacts with severity > 3)
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Accident type:

"Collision" (e.g., collision of motor vehicle
in road with another motor vehicle,

pedestrian, bicyclist, etc.)

"Non-Collision" (e.g., ran-off-road on the right,

overturn)

As previously noted, in the pol ice- reported data, "injured" is

defined as having an injury of "C" or worse on the K,A,B,C,0 scale,

while for the supplementary data, a person recorded as injured has an AIS

severity rating of 1 or greater.

Table 4.1 gives the risk of injury and the corresponding belt effec-

tiveness estimates derived from the pol ice-reported data. Table 4.2 for

the supplementary (or non-police) data, and Table 4.3 for the combined

sample. The measures of belt effectiveness (E) are presented for two

cases -- E-j
2

for none vs * l a P> anc* E
23

^or ^ ap vs * ^ ap ancl shoulder ”

where

E
,

2

= relative decrease in "injury" for
lap-belted occupants compared
with unrestrained occupants

= [% inj. (none)] - [% inj. (lap)] , Q0
% inj. (none)

and

= relative decrease in "injury" for
lap and shoulder-belted occupants
compared with lap-belted occupants

(lap)] - [% inj. (1 ap+shoulder)]
% inj. (lap)

x 100

Thus, belt effectiveness is viewed as the percentage decrease in injury

as one becomes progressively more restrained.
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Table 4.1 Estimated injury risks and belt effec-
tiveness, based on pol ice- reported data.

Percent Injured (K.A.B.C) Belt Effectiveness

Control Variable None Lap vs
None Lap Lap & Sh vs Lap Lap & Sh

Male 16.44 13.25 12.10 19.42 8.66

Sex (0. 1 3)
1 (0.36) (0.67) (2.27) (5.63)

Female 21.73 19.30 18.50 11.17 4.16
(0.21) (0.62) (1.19) (3.00) (6.90)

16-55 18.48 15.16 14.00 17.97 7.67

Age (0.12) (0.34) (0.62) (1.91) (4.57)

56+ 16.26 14.44 15.09 11.17 -4.51

(0.32) (0.87) (2.20) (5.61

)

(16.47)

1960-71 18.63 14.59 12.64 21 .67 13.37
Model

Year
(0.16) (0 o 53) (1.76) (2.93) (12.47)

1972-75 17.02 14.98 13.02 12.00 13.05
(0.22) (0.49) (0.72) (3.09) (5.59)

Col 1 is ion 14.35 13.24 12.09 7.74 8.68
Accident (0.11) (0.32) (0.60) (2.33) (5.06)

Type

Non-Col 1 is ion 37.65 28.28 24.95 24.89 11.77
(0.35) (1.12) (1.90) (3.06) (7.58)

U.S. 18.13 14.18 12.65 21.81 10.76
Car (0.15) (0.40) (0.76) (2.31) (5.94)
Type

Foreign 24.05 21.48 14.74 10.69 31 0 36

(0.51

)

(1.38) (1.58) (6.06) (8.59)

Mi nor 9.50 7 0 87 6.94 17.15 11.83
Damage (0.15) (0.39) (0.73) (4.31) (10.22)

Severity

Severe 32.23 26.62 23.12 17.40 13.17

(0.26) (0.75) (1.35) (2.43) (5.65)

Total Sample 2 115961 13297 3499 -- --

Standard deviation
2 "Not Stated" cases excluded
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Table 4.2 Estimated injury risks and belt effec-

tiveness, based on supplementary data.

Percent Injured (AIS > 1

)

Belt Effectiveness

Control Variable None Lap vs

None Lap Lap & Sh vs Lap Lap & Sh

Male 26.31 20.42 14.46 22.38 29.21

Sex ( 1 . 30

)

1 (2.39) (2.73) (9.87) (15.73)

Female 38.09 27.72 23.64 27.21 14.74

(1.92) (4.45) (5.73) (12.26) (24.79)

16-55 31 .68 22.67 17.28 28.43 23.80

Age (1.17) (2.26) (2,74) (7.60) (14.25)

56+ 21 .33 19.51 13.79 8.51 29.31

(2.82) (6.19) (6.40) (31.44) (39.75)

1960-71 31.13 23.88 11.36 23.29 52.41
Model (1.37) (3.01) (4.78) (10.23) (20.91)
Year

1972-75 28.53 20.99 18.29 26.40 12.90

(1.81) (3.03) (2.92) (11.59) (18.75)

Col 1 i sion 27.71 21.73 14.12 21.60 35.02
Accident (1.19) (2.33) (2.67) (9.06) (14.13)

Type
Non-Col 1 is ion 41.71 25.76 22.73 38.25 11.77

(2.59) (5.38) (6.32) (13.46) (30.69)

U.S. 29.82 21.61 16.88 27.52 21.93
Car (1.14) (2.21) (2.96) (7.91) (15.85)
Type

Forei gn 36.84 27.78 16.95 24.60 38.98
(3.69) (7.47) (4.88) (21.62) (24.04)

Mi nor 18.86 15.17 12.50 19.59 17.59
Damage (1.41) (2.69) (3.38) (15.46) ( 26 . 62 )

Severity
Severe 42.36 36.36 25.00 14.15 31.25

(1.82) (4.37) (4.51) (10.96) (14.92)

Total Sample 2 1783 384 218 -- —

Standard deviation
2 "Not Stated" cases excluded
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Table 4,3 Estimated injury risks and belt effectiveness
based on combined police and suppl ementary data.

Percent Injured Belt Effectiveness

Control Variabl e None Lap vs

None Lap Lap & Sh vs. Lap Lap & Sh

Male 26.99 20.17 14.02 25.26 30.48

Sex
(1.02) 1 (2.26) (2.71) (9.02) (15.96)

Femal

e

38.58 28.88 23.10 25.16 20.01

(1.55) (4.12) (5.64) (11.22) (22.63)

16-55 32.03 22.81 16.60 28.79 27.23

Age
(0.93) (2.13) (2.70) (7.06) (14.01 )

56+ 23.00 19.97 15.09 13.16 24.46

(2.27) (5.38) (6.73) (26.19) (40.01)

1960-71 31.17 22.77 12.04 26.96 47.11
Model (1.07) (2.78) (4.88) (9.40) (22.60)
Year

1972-75 29.98 21.68 17.91 27.69 17.40

(1.47) (2.83) (2.94) (10.30) (18.03)

Col 1 ision 27.79 22.27 13.11 19.84 41 .13

Accident (0.97) (2.19) (2.52) (8.53) (12.94)
Type

Non- Co 11 ision 46.22 25.97 29.40 43.81 -13.20

«
(1.89) (4.87) (7.88) (10.82) (38.35)

U.S. 30.50 21 .33 16.26 30.09 23.77
Car (0.90) (2.05) (2.86) (7.11) (15.66)
Type

Forei gn 38.99 29.77 16.79 23.64 43.62

(3.20) (7.48) (5.05) (20.69) (22.37)

Mi nor 19.65 15.24 11 .42 22.41 25.06
Damage (1.21) (2.67) (3.24) (14.72) (25.47 )

Severi ty
Severe 45.38 38.08 27.50 16.08 27.79

(1.41) (4.06) (4.78) (9.45) (15.15)

Total Sampl

e

2 115961 13297 3499 — --

Standard deviation
2 "Not Stated" cases excluded
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In comparing the results based on the police data (Table 4.1) with

those based on the combined data (Table 4.3), one finds that the esti-

mated risks and effectiveness are quite different, with the combined

estimates being substantially higher in most cases. Thus, for example,

controlling for sex, the estimates of belt effectiveness for males are

25.26% for none vs lap and 30.48% for lap vs lap + shoulder, based on the

combined results, compared with only 19.42% and 8.66% for the correspond-

ing estimates based on the police data. A part of this difference can

be attributed to the lack of equivalence between the two injury scales

employed, with fewer people being classified as injured on the police

scale. (Perhaps "injured" on the AIS scale should have been defined as

AIS > 2!) Most of the difference, however, is indeed probably due to

mi sclassifi cation errors in the police reports.

Since all the data in this study are biased, their quality (i.e.,

accuracy) cannot be judged solely on the basis of the accompanying stan-

dard deviations. A more appropriate measure of the accuracy of the

police report estimates is the more general "mean square error" (MSE),

where

MSE = Variance + (Bias) 2
.

This measure can be applied to both the risk and effectiveness estimates.

In calculating MSE's for the police report data, we assume that the

best available estimator for the bias of a given estimate is the differ-

ence between that estimate and the corresponding estimate obtained via

the "combined" methodology. For example, the police estimate of percen-

tage injury to unbelted males is 16.44 with a variance of 0.017 and the

"combined" sample estimate is 26„99 with a variance of 1.04. The bias
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of the police report estimate is then 10.55 (= 26.99 - 16.44). Thus, the

MSE is given by

(10.55) 2 + .017 = 111.32

This compares with a variance (and approximate MSE) of 1.04 for the "com-

bined" approach.

It should be noted that, in some cases, the MSE's of the police esti-

mates are lower than those of the "combined" approach, even though the

estimated biases in the police estimates are quite substantial. This is

primarily due to the "relatively" small size of the supplementary sample.

If the estimated bias remained the same, but a larger (say, threefold)

sample size were available, then all of the estimates based on the com-

bined approach would have much smaller MSE's than those based on only the

pol ice- re ported data.

While the injury risk and effectiveness estimates based on the police

data only differ substantially from the "combined methodology" estimates,

a comparison of the supplementary vs. combined data results reveals a

generally high level of agreement. This is not unexpected, since both

represent consistent estimators, based on the same definition of injury

(AIS > 1). The positive effect of wearing lap belts and the additional

benefit derived from the use of shoulder belts are clearly evidenced in

all but a few isolated instances.

In further comparing the supplementary and combined results, one

finds that the standard deviations (STD's) of the estimates for the com-

bined approach are usually lower than those resulting from the supplemen-

tary data only. However, they are not as much lower as might be antici-

pated, considering the large increase in sample size. This seems to
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indicate that the combined methodology may offer only a slight improve-

ment in accuracy over using only the supplementary data, at least when

multi-dimensional contingency tables are considered with this consider-

able amount of data.

By increasing the size of the supplementary sample, one would, of

course, decrease the level of error in both the supplementary and com-

bined data results. However, it is suggested that the relative decrease

would probably be less for the combined than the supplementary results.

That is, as the supplementary sample size is increased, the relative

benefit of utilizing the combined samples to estimate the fallible margin

in the cross-classified sample will decrease. Such a conclusion should

not affect the overall usefulness of the combined methodology, however,

since this approach is designed for use in situations where an original

large (but fallible) sample is readily available, but where only a rela-

tively small supplementary (non-fall i bl e) sample can reasonably be

obtained.

Another important issue is whether the estimates obtained using the

combined methodology are the "best" estimates (i.e., those with lowest

STD's) obtainable, using only the data available. The answer is that one

can probably derive better estimates, even without increasing sample size.

If only the supplementary sample is considered, one could use well-known

techniques for building models that smooth the original proportions by

removing non-significant variations in a multi-factor set-up. The result

would be estimates with lower STD's. How to accomplish the same objec-

tive with the "combined approach" is a more complicated matter, and will

be discussed further in Chapter VI.



V. THE NATURE OF MI SCLASS I FI CAT I ON ERRORS IN

POLICE-REPORTED BELT USAGE AND INJURY LEVEL

The investigation described herein is aimed at exploring the magni-

tude of the miscl assif ication errors of belt usage and level of injury

in actual statewide police data. Table 9 in Hochberg (1976) shows the

effect on several measures of belt effectiveness (namely, RIDIT, relative

risk, and the odds ratio) for various magnitudes of a combination of

misclassification errors. Certain questions remain: How large are these

misclassification errors in actual data? Are the simplifying assumptions

made in Hochberg (1976) valid assumptions? Do the magnitudes of the

errors depend upon other factors such as age and sex of the driver?

This chapter explores questions such as these using the data

reported in the text where the police (P) data are "fallible" while the

"true" belt/injury status is given by the hospital/telephone interview

(P) data. As before, belt (B) includes the use of any restraint system

(lap, lap and shoulder) with B indicating no restraint used; injury (I)

includes any injury (K,A,B, or C) recorded by the police or an AIS > 1

for the non-police data, while I indicates no injury.

Table 5.1 gives the raw frequency data for belt usage and level of

injury, cross-classified by the police (P) and non-police (P) sources.

Table 5.1 Cross-classification of supplementary sample
according to belt status and level of injury.

Pol ice Injured Not Injured

Non-Police Belt No Belt Bel t No Belt Total

Injured
Bel t 36 16 33 37 122 (5.1%)
No Bel

t

6 305 5 227 543 (22.7%)

Not Bel t 6 6 256 216 484 (20.3%)
Injured No Belt O

L. 27 15 1194 1238 (51.9%)

Total 50 354 309 1674 2387

(2.1% ) (14.8%) (12.9%) (70.1%)
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It is evident from Table 5.1 that the police are much less likely to report

that a seat belt was worn and also much less likely to report that an injury

was involved than the non-police source.

More specifically, assuming that the non-police (P) reports are

the "true" classification mechanisms, then, for injured occupants, the

police underreported belt use by 43.4% (
= x 100) and overreported

6+5
use by only 2.0% (

= x 100). For uninjured occupants, the respective

estimates are 45.9% underreported and 1.4% overreported.

Conversely, for bel ted occupants, the police underestimated injury

by 57.4% (
= 33*37

x 100) and overestimated injury by 2.5% (
= x 100).

For unbel ted occupants, the correspond!' ng estimates are 42.7% under-

estimated and 2.3% overestimated.

Clearly this tendency to underreport belt usage and injury level will

affect any derived estimates of belt effectiveness. If one defines belt

effectiveness as the percentage decrease in risk of injury resulting

from wearing a safety belt, i.e.,

rn . (% unbelted injured) - (% belted injured) , nn /r i\
effectiveness

% unbelted injured
1 x 100 (5J)

then, based on the pol ice-reported data, safety belts have a 20.2%

effectiveness. This compares with an effectiveness estimate of 34.0% based

on the "true" hospital /tel ephone data. Thus, due to misclassification

errors in the data, the police estimates apparently substantially under-

rate the effectiveness of safety belts in reducing the likelihood of

i nj u ry . ( The extent to which the hospital/telephone data represent the

true situation is, of course, unknown, but is believed to be much closer

to reality!

)
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As indicated in Hochberg (1976), there are a total of 12 indepen-

dent misclassification errors that can arise when classifying individuals

into the 2x2 table of belt usage (B,B) by injury level (1,1). For

example, an individual that is actually belted and injured (B,I) could

be incorrectly classified as (B,I), (B,I) or ( B , I ) . From Table 5.1,

the "true" number of belted and injured drivers is 122 whereas the

reports classified 16 individuals as being unbelted and injured, 33 as

being belted and uninjured and 37 as being unbelted and uninjured!

In order to examine further the nature of such misclassification

errors in police belt usage and injury data, estimates of the 12 mis-

classification error probabilities were obtained, along with correspond-

ing estimates of their covariance matrix, following the approach described

in Grizzle, Starmer, and Koch (1969). With these estimates, a variety of

hypotheses were then tested. Of particular interest were the two

"simplifying" assumptions regarding police misclassification errors that

were made in Hochberg (1976). These were:

(i) The probability of a double misclassification
error (i.e., both on belt use and injury
level) is well approximated by the product
of the two marginal error probabilities.

(ii) The probability of misclassifying an

uninjured occupant (either belted or unbelted)

as injured is "unlikely".

The results of the corresponding tests of hypotheses are summarized

in Table 5.2 along with estimates p of the correspondi ng misclassification

errors based on the data presented in Table 5.1, with the non-police

classification representing the "true" condition. It is evident from this

data that neither of the two basic assumptions ((i) or (ii)) is tenable.

As a final dimension to this analysis of the magnitude and effect

of misclassification errors in this police-reported data, an overall
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Table 5.2. Hypothesis tests regarding the various
mi sclassifi cation errors in a 2 x 2

table of belt usage vs injury level.

Ho: Pr {Misclassification error) = 0
A

P d.f

.

X
2

Double misclassification error (i) .3265 4 52.46

I classified as I (ii

)

.0238 4 42.00

I classified as I given B .0248 2 12.31

I classified as I given B .0234 2 29.70

I classified as I .4541 4 572.46

I classified as I given B .5738 2 167.94

I classified as I given B .4273 2 404.51

B classified as B .0157 4 28.46

B classified as B given I .0203 2 11.23

B classified as B given I .0137 2 17.24

B classified as B .4538 4 500.54

B classified as B given I .4344 2 93.13

B classified as B given I .4587 2 407.42

Note: Corresponding p-values are all < .005.

Maximum Likelihood Model was fit to the data to examine the dependence of

these errors on driver sex (see Table 5.3). The results of the investiga-

tion of other factors replacing sex are not detailed herein because it

was unfortunately found that the misclassification errors d_i_d depend on

the levels of these other factors considered (e.g., model year, car size

accident type, driver age). Thus, the models did not simplify in a

clear-cut manner.
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Table 5.3 Analysis of variance table for the

Maximum Likelihood Model including sex.

Source of Variation d . f
.

'

x
2

p-val ue

Independence of mi scl assi fi cation 12 3.16 > 0.99

errors on sex

Interactions

:

PI x PB 1 1.80 > 0.10

(PB,PI )
x PI 1 1.02 > 0.30

(PB,PI) x PB 1 1.05 0.30

(PB, PI )
x PI 1 1.71 > 0.10

( PB, PI )
x PB 1 1.70 > 0.10

( PB, PI )
x Sex 1 1.20 > 0.20

(PB x PI x PB x PI) 1 0.77 > 0.30

Total error 19 12.41 >0.80

Equiprobable model 31 765.84





VI. DISCUSSION

In Chapter IV, injury risks and safety belt effectiveness estimates

were presented for the North Carolina police data only, for the supple-

mentary data only, and for the combined two samples. The variables of

interest were age, sex, model year and type of car, damage severity, and

accident type. The combined sample results were shown to be the most

accurate, although their STD's were not a great deal lower than those

associated with the supplementary data only.

The original plan for analyzing the data included considering

several levels of some of the key variables (such as TAD and model year),

and thus to examine the effects of these variables simultaneously. It

was also anticipated that injury level could be defined so as to distin-

guish between the serious and non-serious and the fatal and non-fatal

injuries (in addition to injury-no injury).

However, it soon became obvious that, due to the relatively small

size of the supplementary sample and the state of the methodology

described in Appendix A, the data could only be meaningfully analyzed

using a single variable breakdown and the injury-no injury classification,

as presented in Tables 4.1 - 4.3. This is due to the requirement that,

in order to use the combined methodology outlined in this report, there

must be at least one observation for each level of (injury * police) by

(level of belt usage x police) by (level of factor under consideration).

This requirement was not able to be satisfied except in the single

variable framework for this data set.

The results of this analysis suggest that lap belts alone substan-

tially reduce the likelihood of injury and that lap and shoulder belts
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together further reduce this likelihood. However, it should be noted

that the specific estimates presented are far from satisfactory, due to

their large STD's. Also, due primarily to the large STD's, significant

differences in bel t- effectiveness could not be detected between the two

levels of any of the factors considered.

The supplementary sample size used in this report to illustrate and

test the two sample methodology was somewhat over 2000 cases. As sug-

gested in Chapter III, it took considerable effort and coordination to

collect the additional telephone and hospital data for even this "small"

a sample. Nevertheless, it now appears that, in order to make statisti-

cally significant statements on safety belt effectiveness using this

technique, one should probably have had a suppl ementary sample three or

four times as large.

Increasing the sample size to, say, 10,000 would have positive

effects beyond decreasing the STD's. For example, it would enable one

to simultaneously study the effects of several factors associated with

seat belt effectiveness. It would also permit one to examine the effec-

tiveness of safety belts for other occupants besides the driver.

Two additional caveats should be made regarding the supplementary

sample used in the present study. First, the sources of supplementary

information regarding seat belt usage and/or level of injury were

follow-up telephone interviews for the non-injured drivers and hospital

reports for the injured. Whether or not these sources did indeed provide

"true" information was not examined.

Second, as noted in Chapter III, the combined sample of drivers

interviewed over the phone and those reported by participating hospitals
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was not totally representative of the overall population of North Carolina

drivers involved in accidents. While the supplementary sample was

adjusted to resemble the overall sample, the effect of these adjustments

on the variances and covariances of the estimates was not taken into

account in the analysis.

As a result of these limitations and the relatively small size of

the supplementary sample referred to earlier, the data in the present

study should best be regarded as a mechanism for demonstrating a new tech-

nique, rather than as a definitive estimate of safety belt effectiveness.

In order to obtain more accurate and reliable results in future applica-

tions of this methodology to the study of seat belt effectiveness, one

must ascertain that:

1. The supplementary sample is sufficiently large.

2. The quality of the "true" classifier is examined and
proven reliable.

3. The suppl ementary sample is shown to be representa-
tive, or if not representative and adjustments are

made, these adjustments are accounted for in the

statistical analysis.

Finally, it should be noted that, while increasing the size of the

suppl ementary sample will improve the accuracy of the belt effectiveness

estimates based on the two-sample methodology, additional research is

needed to further improve upon the technique. More specifically, research

is needed to incorporate smoothing models for the entries in the supple-

mentary sample, based on relatively few parameters for the mi scl assif ica-

tion errors. The methodology as it now stands does not allow for using

model -predicted estimates of the frequencies in the supplementary cross-

classified sample prior to "merging it statistically" with the original

sampl e.
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In addition, it is very reasonable to expect that the very large

number of misclassification errors (that introduce too many degrees of

freedom in the procedures described) could be structured by an appro-

priate statistical model, resulting in lower STD's for the predicted

frequencies. These investigations might well be worth pursuing in the

future.
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The methodology outlined in this appendix pertains to the setup

where all variables are subjected to miscl assif ication errors when the

fallible device is used. In practice one might come across situations

in which only a subset of the variables is subjected to errors. Two

cases are of interest. One case is when the magnitudes of errors

within combinations of levels of the correctly reported set of variables

are possibly different, and the other case is when these errors can be

assumed to be the same across the corresponding levels. The examples

in this report demonstrate the former case, while considerable research

is still needed in order to treat the latter case.

The Setup and Notation

Two independent samples are drawn from the target population. Each

is an unrestricted simple random sample. If the actual frame for the

population is finite, we adhere to the concept of a 'super' population

(see, e.g.. Hartley and Sielken, 1975). The first sample of n-j elements

is classified only by the fallible device. Let i' = (ij ,. . . ,i^) index

a specific combination of levels of the d variables under study. The

second sample of n
^

elements is simultaneously classified by both the

false and the true devices. Here again, we use i' to index the fallible

cell. To index the true classification we use i = (i-| ,. . . ,i
d

) . Also,

1st i

m - 1,..., 1^ a nd i

m
~ 1,...,I^ , m - l,*..»d, wi th I

-j

x 1
2

*

... x i^ = k and
1^

x l£ x ... x 1
^

= k'.

Next, we introduce notation for the frequencies and parameters in

the two samples. To simplify matters, we use the same letters to
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indicate similar conceptual quantities in both samples. The distinction,

however, is easily made since the second sample will always have two

indices corresponding to true and false classifications, respectively.

Thus, n^ 1

) denotes the frequency in the i'-th cell as obtained in the

first sample by the false classifier. Similarly, n(i,i') denotes the

frequency in the second sample classified in the i-th cell by the true

classifier and in the i'-th cell on the false categorical scale. Like-

wise, let y(j') and y(i,T') denote the corresponding population propor-

tions. We introduce y(_i|i') = y( i ,i
1

)/y(

i

1

) , which is the fraction of

times an element actually belongs to cell i when reported to be in cell

j
1 by the fallible classifier. In addition, the convention of replacing

an index by a period to indicate that summation has been taken over

that index will be used throughout, e.g., n(i,*) = l n ( i ,
i

' )

.

i*

The intermediate parameters of interest are clearly the y(i,*)

for which we use the special notation y(i,*) = ^(j).

Throughout this work we will use the convention of putting a

tilde to indicate a vector. An indexed vector will be used only for the

y(i|j') where y(i') = {y(i|i'), for all i) .

Inference Based on Maximum Likelihood Estimates (MLE) of the tt ( i )

Given the data, the likelihood function of the y(i') and the

y(i|i‘) is given by the following:

F gn [y( i
' ) ]

i'

n (i')+ n (*,i ') nb(i') n [y(i |i')]

i'
~

i

n(i,i
'

)

5
(A. 1

)

where g is a constant depending on the n^, i = 1,2, the n(i'), and the

n(*,i'); the b(j') are constants depending on the n(*,i') and the
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n(i , i
1

) . It is now easily verified that the MLE's are given by

n(i,i')
y(i|i') frFTrr

y( i
1

)
=

n(i') + n( • ,i
'

)

(A.2)

n
]

+ n
2

Since the tt(i) and the y(
i. |

^
' ) are in 1:1 relation with the set of y(i')

and y(i|i'), the MLE's of the 7r(i) are given by

Tr(i) =
l

t

Y(i' )y(i
|

i
'

),
Vi (A. 3)

Next, we consider the asymptotic variance matrix of tt which we

denote by V (tt ) . Note that, asymptotically, the set of the 9 ( 1 ') is

independent of the set of y(i|i'). A similar statement applies to any

distinct vectors y(i'), y (

j

1

) , i‘ ^ j*. This is clear from the block

diagonal information matrix which is easily obtained from F. Lineariz-

ing the tt( i ) by a Taylor approximation around the y(i') and y(i|i'),

we obtain (for large samples)

On letting

9(i) - I y(i| i' )y(|
!

)

i*

+
I y(i' )y(il-i'

)

j'
l y (i

' )y(1 I

i

'

)

i

'

(A.4)

v< 5)
= [DM - Y Y'] = «v

m>n )) m, n = 1 , . . . ,

k

1

V
P (i,)

]

=
rTylpT

' yO'Iy'U')] = V
r

(A.5)

where D(») is a diagonal matrix with the vector (•) on the main diagonal,

we have asymptotically



-41-

k' k*

v(5) = Z Z
m=l n=l

v ny(i')y(i') + zLy 2 (i')V-,
m, n~ ~m ~ ~n .

,

~ i

(A.6)

When consistent estimators from (A.2) are substituted for the y(i') and

A

the y(i') in (A.6), one obtains a consistent estimator V(tt) for the

dispersion matrix of the vector tt.

A Maximum Likelihood test of fit (i.e., y(*,i') = y(i') for all i')

is rather straightforward. The unrestricted MLE's are given by

nU')
)

=
“ST

-

y(M') =
n ( i , i

1

)

(A. 7)

Under the null hypothesis, (i.e., y(-,i') = y (

i

1

) for all i
' ) the MLE's

of the y ( i ,

i

1

) are y ( i ,
i

' )
= y (

i
I

i

1

)y( i
' ) . On denoting the Maximum

Likelihood Ratio (MLR) statistic by L, we have

(2 n( i
'
) log

y(i')

/
~

'

y(i )

(

+ ZZ n(i ,i ) 1 og
i i

y(i,i
'

)

y(i.i')
(A. 8)

Under the null hypothesis, this is asymptotically distributed as a

central Chi-square variate with (k'-l) d.f.

Often, having established the fit, the experimenter will be inter-

ested in further inference on tt based on the efficient estimator tt .

In most practical problems, it is not feasible to obtain simple MLE's
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of 7T under further functional restrictions on the Tr(i) (given that the

model fits). One can verify this by trying to obtain the MLR test for

independence in a 2 x 2 table. Even for this simple problem, the MLE

cannot be obtained explicitly and one must call upon numerical techniques.

In general, the usual log-linear hypotheses on tt (hypotheses such as

Ctt = 0 or C [ 1 og ( tt ) ]
= 0, where C is a contrast matrix, i.e., C'l = Q)

will impose complicated functional relationships among the y( i.
|

i.
' ) and

the y(i’). The MLE's will need to be obtained by some numerical computer

subroutines.

The practical approach is to utilize the estimator tt and the con-

^ /s

sistent estimator of its variance matrix, V(tt), as initial input to the

asymptotically equivalent least squares procedures presented in Grizzle

et aj_.' (1 969) and Forthofer and Koch (1973). This is discussed in greater

detail in the final section of this appendix where a convenient technique

is given for implementing the Maximum Likelihood approach at the first

stage and then proceeding with the Weighted Least Squares approach in

the final stage using a single computer program.

Inference Based on Least Squares Estimators (LSE) of the tt (i')

Before discussing the Least Squares approach (which will resemble

to some extent that in Koch et al_. , 1972 ), additional notation is

required. Let p(j') = n(i')/n-j, p(i,i') = n(i,i')/n
2

, and p
1

be the

vector whose elements are all p(i'). Similarly, let p
2

be the vector

of length k'k obtained by stretching out all the p(i,i’) in order.

Finally, let y
i

= E(p^), i = 1,2, and denote p = (p^,p 2
)' .

The dispersion matrix of p is a block diagonal matrix V(p) with

V( p.) on the diagonal, where
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(A .9)

Next let F = Ap, where

A-j : (
k

' -1 )
x k' O

f\
=

O : A
2
:(k'k-1) x k'k

(A. 10)

where A-j is obtained from an identity matrix of dimension k' by deleting

the last row and A^ is similarly obtained from an identity matrix of

dimension k'k. We can now write a model

E(F) = X0 0: (k'k-l )
x 1 . (A. 11)

where ' X = (X-jjXp 1 with being an identity matrix of order k'k-l and

X-j of dimension (k'-l) x (k'k-l) has the form X-j = [I 9 l'|0] where

I is the identity matrix of order k'-l, 1' = (1,...,1) and 0 denotes

Kronecker's product.

The variance matrix of F is consistently estimated by

V ( F )
= AV

( p)
A

' where V ( p) is obtained by substituting the unrestricted

MLE's of the in the expression for V(p). Thus, in large samples, one

may use Weighted Least Squares to estimate the vector 0 . The

asymptotic LSE of 6 (which is BAN if (A. 11) holds) is given by

0 = (X'V"
1

(F)X)"
1

X'V"
1

(F)F (A. 12)

and the consistent estimator of its dispersion matrix V (0 ) is given by

5(0) = (X'V'
1

(F)X)"
1

(A. 13)
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A test for goodness of fit is based on

X
2 = F'V

-1
(F)F - 8

, X’V‘
1
(F)X8 (A. 14)

which, under the hypothesis that the model fits, follows an asymptotic

Chi-square distribution with (k'-l) d.f.

If the model adequately describes the data, tests of hypotheses

with respect to the parameters comprising 6 can be undertaken. Note

that the elements of 0 are the k'k-l upper-left elements among the k'k

parameters Y(i,i'). The last element is obtained from the relation

A
E^E. iy( i ,i

1

)
= 1. From 0 and its estimated variance matrix, one can

easily obtain the LSE (tt) of tt and its estimated variance matrix V(tt).

Employing the Maximum Likelihood Approach

Here we use notations from both of the two previous sections. The

MLE's of the ir(i) and their asymptotic variance matrix have already been

given. The overall procedure of first obtaining MLE's and then using

asymptotic Least Squares theory appears somewhat inconvenient, especially

when considering the available computer programs. Here, we discuss a

simple technique to implement the MLE methodology, which can be employed

using a single computer program. This approach is based on the fact

that the MLE's of the tt(i) can be expressed as compound exponential-

logarithmic-linear functions (see Forthofer and Koch, 1973) of the

elements of p.

Specifically, we can write tt (the MLE of tt) as

TT (A. 15)
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where

X
i

—

t

03 a
2

I 0 1
' :

k' x k'k

A

(2+k)

k

1 x ( k+1 )
k' 0: k

1 x k' I 0 X:
k' x k'k

0:
k

' k x k' X-ZZ

i

—

i

a
i

= n
i

/(n
1

+ n
2
), i = 1,2

K [I 0 1,-10 1, I:k'k x k'k]

(k'k) x k'(k+2)

where the unspecified identity matrix I has

dimension k' and 1 is of length k.

Q = I 0 1
' .

k x k'k

Thus, on letting y = Ap and z = exp[Klog(y)] , we can conveniently write

the asymptotic variance matrix of tt as

V(j) = QD(z)KD
_1

(y)AV( p)A'
D’ 1

(y) K'D(z)Q' ,
(A. 16)

where D(y) is a diagonal matrix with the vector y on the main diagonal.

As noted earlier, the vector tt and the estimated variance matrix

^ A A
V ( tt

)

(which is obtained by substituting V(p) for V(p)) are subsequently

used as initial inputs for further modeling based on Weighted (asymptotic)

Least Squares procedures as in Grizzle et. a]_. (1969). Thus, one may

obtain functions of the tt which are of interest for further modeling

via a repeated chain of linear, log or exponential transformations, and

then express a linear model for the resulting functions. The model can
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be tested for fit; given an adequate fit, linear hypotheses regarding

its estimable parameters can be tested. And this entire procedure can

be carried out in a single computer run using the new program GENCAT

given in Landis and Stanish (1975).



APPENDIX B

The Supplementary (Telephone
and Hospital ) Data
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Accident Report Information

Standard North Carolina Accident Report Form
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The following variables from the police accident report form
(shown in this Appendix) were utilized in the analysis:

1. Vehicle # (as assigned by police agency)

2. Month of Accident (January - June)

3. Day of Week

4. Hour of Day (e.g., 8:00 - 8:59 a.m.)

5. Accident Type (e.g., collision of motor vehicle in road
with pedestrian)

6. Driver's (or Injured Passenger* s) Year of Birth (e.g., 1952)

7. Driver's (or Injured Passenger's) Sex

8. Driver's (or Injured Passenger's) Race (white, non-white)

9. Vehicle Year (e.g. , 1971)

10. Vehicl e Make (e.g. , Plymouth)

11. Vehicl e Type (e.g. , two or four door sedan (passenger vehicle),
stations wagon (passenger))

12. V. I.N. (Vehicle Identification Number)

13. First TAD (location and severity; e.g., FD3 = front distri-
buted of relative severity 3)

14. Police Reported Injury (Injuries for driver or injured
passenger)

K - Killed
A - Serious injury
B - Moderate injury
C - Minor injury
0 - No injury

15. Restraint Used ( the individual being coded) as Reported by Police

None
Lap Belt
Shoul der Bel t Only
Lap and Shoulder Belt
Child Restraint System
Not Recorded
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«. LOCALITY
3. Business

2. •oalftantlal

2. Scheel ft plfi)r(g>oi/n4

4. Opan country

2. SPEED LIMIT
I. ROAD FEATURE

1. Bridge or vnde'pooe

2. Orl.o.o,

3. Allay Inter Dec t ion

4. InUriKlIon oI two

roadways
9. Non -into* doc 1

1

©n

etodle* crossover

4. EiW or Loginning oJ

divided Highway

7. OtSor

4. ROAD SURFACE
1. Concrete

2. Smooth esghelr

1. Coorco asphalt

4. Gravel

9. Dirt or send

ft. OtUr

JC
• Pt> N
i 2
i i
*• *

h
II

>
®
o

8V

*

5.

ROAD DEFECTS

1.

Loots motorlol

on surface

3

.

Hole*. deep rut*

3. Low shoulder*

4. Soft o hou Id or s

5. Other delect*

6. Rood under

7.

No delect*

6. ROAD CONDITION
I

. Dry

2.

We.

3 Oily

4.

Muddy
S. Snowy

6- Icy

7. LIGHT CONDITION
1 . Doy light

2. Duel*

3. Down
4. Darkness (atroet lighted)

3. Darkness (afroot not

lighted)

8 WEATHER
1. C War
2. Cloudy
3. Raining

4. Snowing

5. Fog

4.

Sleet or hell

9. TRAFFIC CONTROL
1 . Slog sign

7. Yield sign

3. Stog end go signal

4. Fleshing signal

with stag sign

3. Flashing signal

without step sign

4. R. R got* and Mother
7. R. R. Hasher

8 Officer

9. Other device

10.

No control present

10. OBJECT S-RUCK (first

' Tree only)

2. Utility pole

3. Fence or fence post

4.

Guardrail or guardpost

In median

9. Guardrail er fuerdpast

on shoulder

4. Bridge

7. Underpass

I. Traffic island, curb.

or median

9. Sign *» Jlgn post

10- Animal

11. Ditch Lank

12. Parked vehicla

13. Pedestrian

14. Other oL|OCt

15. Non*
II . SOBRIETY

1. Hod not been drinking

2. Dr Inklng-abl Illy Impaired

3. Drlnklng-unoble to

determine Impairment

4. Unknown
12. PHYSICAL CONDITION

1. Ill

2. Fatigued

3. A s leap

4. Other physical Impairment

3. Restriction net compiled
with

4. Normal

7. Condition net known
13. CHEMICAL TEST
14. PEDESTRIAN ACTION

1. Crossing at Intersection

2. Crossing not at lnier.ee. I*

3. Coming from behind

porked vehicle

4. Walking with traffic

3. Walking against traffic

4. Getting an or off vohlclo

7. Standing In read

8 Working In rood

9. Ploying in read

I 0. Lying In rood

II . Other

12.

Nat in road

15. VEHICLE MANEUVER
I . Stopped In travel Ian*

2.

Parked out of travel lanes

3.

Perked In travel lane*

4 Going srralght ahead

5.

Changing lane* or merging

4. Pa.

7. Making right turn

I. Making left turn

9. Making U turn

10. Becking

!1. Slowing or stopping

n 12. Storting In roadway

13. Perking

14. Leaving porked posltl*

15. Other

14. VEHICLE DEFECTS (Lli

one or mar.)

1. Defective brakes

2 Dal sc r I v s haadlight*

3 Detective rear lights

4.

Defective steering

3. Defective tires

6. Other defects

7. Not known If detective

8. No defects detected

Date of Day of A M P M
Accident 19 Week Hour fl PI

’

Acci den t ['] In

Occurred
. .. City or

In County CD N#ar Townnf

0„.,id. Cily o. T.«n Mil.. Cl Cl CD »' CD Lia.il. CD C«.t.r
N E S W

On

[ \ Milas

. CD

Do not write m this space

(0 Ft. if Inter:

CD CD CD Cl Fn:
Hwy. No., or Adjacent County Line H wy. No., City, or Adjacent County Lino

Ran off Rood of Motor Vehicle in Road With:

1. Right 2. Left 3. Sf rai ght Ahead 4. 0 verturn 5. Other m Road 6. Pedestrian 7. Parked Vehicle 8. Train 9. Bi cycle 10. An. mol 1 1. F.sed 1 2. 0 fh er

Obj. 0 b|.

of M. V. in Rood With Another M. V.

Slow or Slop

14. Rear End 15. Left Turn 16. L.(t Turn 17. Ri ght T urn 18. Right Turn 19. Head On 20. Sideswipe 21. Angle

Turn Some Roadway Cross Traffic Same Roadway Cross Traffic

No. of

V.hicU. Drivef

VEHICLE NO.

City !—
Ts obove addroo

Roc®/Se«

Data of Birth:

n Driv

Lie: .

Mambar of
Armed Fore

Lie. Plot* No. .

VIN

Owntr:

Month Day

Ya. No. Vah.D Y«r:

r«. No
, Liccnso?

ify Restrict.

Vah.
. Maks'.

Vah.
-Typo

Address:

City:

Part*

Damaged (TAD)

DA vabla:

Yat No

Amount
of Domag* $

By:

Vatii ci.

fed to:

Authority: .

Oth er

Property Damaged .

VEHICLE NO. 2 PEDESTRIAN

Addre.*:

City: .. -- State:
Yes No

It above addre** tome op on Driver'* License? ( j
| |

Roce/Sex: Driver* t Lie State:.

Dote of Bi rth :

.

Month Day Yeo

Member of Yes No . Veh.
Armed Force*

| ] I ) Year:

Lie. Plato No.

VIN

Owner:

Address:

City:

Specify Restri ction : _

Veh.
. Make:

Veh.
Type: _

_ Y ear: .

Part*

Damaged (TAD)

Drl voble:

Amoun t

of Damage 5

Yes No Vehicle

I 1 | |
Removed to:

By: Authority: _

Amt. of Dam. Owno
Addn

INJURY SECTION INSTRUCTIONS

Give injury clast, restraint used, raca. sex and age of all occupants in tha apace corresponding to th# teat occupied. Names and addresses are necessary for parsons who
ware injured. For type of Reitroinf (Res.) used: N - None, l - lap Belt. IS - lap and Shoulder, S- Shoulder Bolt only. YR - Child Restraint System

K=Killod A = lncopa g B =Nonin cop oci lalm g — In jury other tha

Totol No. Occuponls

eenc C —No visible sign of injury but complaint 0=No injury

SEAT Inj

cl

Res
usd

Roc* A,. INJURED NAMES AND ADDRESSES

First Name Lost

SEAT Inj

cl

Res
usd

Race Age INJURED NAMES AND ADDRESSES

FirstNam* Last

Left

Front
DRIVER 1

Left

Front
DRIVER 2 Oft PEDESTRIAN

Center

Front

Center

Front

Right

Front

Right

Front

Left

Rear
Left
Rear

Center

Rear

Can ter

Rear

Right

Rear

Ri ght

Rear

Injured taken to:

W| T* Nome _

N E SSE S Nam e .

Arrests: Nam* _

Nam* _

Si gn Her*

Address _

Add res s _

Chorge(s) .

Charge* .)_

Phone No. -

Phone No. .

(Ci». No.>-

(Cit No.) _

Rank and Nome



In filling out th»f it+nu on tht bock of th* following wxomplwa:
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>. LOCALITY 3. ROAD DEFECTS 0 WEATHER 4. Guardrail as guasdpesf 3. Asleep 3. Per bed In travel lonos

1 . IuiImii 1 . Lo#oo materiel 1. Claes In median 4. Other physical iapeitssont d. Going straight ahead
2. Reoldontlol eo ou»*«® 2. Cloudy 3. GvomNoiI at guordpost 3. Restriction net compiled S. Changing tanas er merging
2. School 4 playground 2, Hole*, deep ruts 3. Rolnlng on shoulder erlth 4. Pas sing

4. Open country 3. Lev shoulders 4. Snowing 4. Bridge 4. Normal 7. Making right turn

2. SPEED LIMIT 4 Soli o K oo 1 d e» e 3. Fog 7. Underpass 7. Condition net known 0. Making left turn

J. ROAD FEATURE 3. Other doloeio 4. Sloe* or holl 1. TroHlc Island, curb. 13 CHEMICAL TEST 9. Making U turn

1. Bridge or undoipaos 4. Reed under 9 TRAFFIC CONTROL or atodlan 14. PEDESTRIAN ACTION 10. Backing

2. Driveway construction 1 . Stop sign 9. Sign ar sign post 11. Slowing or stopping

3. Allop Into reef ion 7

.

No delect* 2. Y told *>gn 10. Animal 2. Crossing net at Intersection 12. Storting In roadway
4. iMcOtCtltn of ln« 6. ROAD CONDITION 3. Stop end go olgnol 1 1 . Ditch bonk 3. Coming hoot behind 13. Perking

1. Dry 4. F lashing signal 12. Perked vehicle parked vehlc le 14. Leaving perked position
S. Nen-lnfer section 2 We. with stop sign 13. Pedestrian 4. Walking with traffic IS. Other

median coaoeror 3. Oily 3. Flashing slgnol 14. Other object S. Walking agalnel traffic 14 VEHICLE DEFECTS (List
4. c» beginning of d Muddy without stop sign 15. None 6. Getting on or olf vehicle one or stare)

divided highway 5. Snowy 6 R. R go'o and Hasher 11. SOBRIETY 7. Standing In road 1 Defective brekes

7. CHhe, 6. Icy 7 R Q flasher 1 . Hod not been drinking 8 Working In rood 2. Defective headlights

4. ROAD SURFACE 7. LIGHT CONDITION 8. Officer 2. Drlnking-abillty impaired 9. Ploying In rood 3. Dolectlvo roar lights

1 . Concr ete 1 . Doy light 9. Other device 3. Dr Inking -unable »o 10. Ly Ing In road 4. Defective steering

2. Smooth asphalt 2. Dusk 10. No control present determine impairment 1 1 . Other 5. Defective tires

3. Coa/oo oopholt 3. Down 10. OBJECT S’RUCK (Hrsf 4. Unknown 12. Not In rood 4. Other defects
4. Gravel 4. Darkness (stroef lighted) 1 . Tree only) 2. PHYSICAL CONDITION 15. VEHICLE MANEUVER 7. Net known if defective
3. Olrf or lend 3. Darkness (elree. net 2. Utility polo 1. Ill 1. Stopped in tro v e 1 lane 8. No defects detected

4 Other lighted) 3. Fence as lanca post 2. Fatigued 2. Perked out ol travel lenes



APPENDIX D

Telephone Interview: Introduction
Format, Questionnaire
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TELEPHONE INTRODUCTION FORMAT

Hello M. ,
my name is

and I am with the University of North Carolina Highway Safety Research

Center. The Department of Transportation in Washington, D.C. is con-

tinually trying to learn more about seat belt usage and corresponding

effectiveness in reducing deaths and injuries in highway crashes. In

this connection, we are doing a survey of North Carolina drivers who were

recently involved in a traffic accident, primarily to find out how they

feel about seat belts in general and whether the seat belt might have

helped (or hindered) in the accident in question. Would you mind

answering a few brief questions? Thank you.

*****
Note:

(1) If the person we need to talk with is not at home , try to

find out when a good time to call back and reach him would

be. Very generally explain that your name again is

and that you work for the University

of North Carolina. As part of a telephone survey, you are

calling people to find out about automobile seat belts

and their usage.

(2) If the interviewee wants to know more about HSRC, the explana-

tion can be derived from the following:

The University of North Carolina Highway
Safety Research Center (HSRC) was created by a

statute of the 1965 North Carolina General
Assembly, and was directed by the Governor to
perform three functions:
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1) evaluate North Carolina's existing highway
safety programs.

2) coordinate and participate in the pro-
fessional training of persons involved in

highway safety.

3) close the gap between knowledge created by
highway safety research and its use in

saving lives.

(3) If the person needs to know how we know about his accident,

explain that all accidents are public record at the

Department of Motor Vehicles (DMV) in Raleigh and being a

research organization engaged in highway safety research,

we often need to have access to these records.

(4) If the individual seems upset, suggest that he feel free

to call HSRC col 1 ect at (919) 933-2202 and ask for

Dr. Campbell or Dr. Reinfurt for further information

about this survey.
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NAME OF DRIVER

1.

Was the vehicle you were in during your accident a passenger car ( );

truck ( )? Do you know the make, model and approximate year of the

car?

If not, was the car a large car (Olds, Buick), intermediate (Chevelle),
or smal

1

(Vega)

.

(IF TRUCK, YOU ARE FINISHED)

2,

Does your car (the one in the accident) have seat, belts? Yes ( ) No ( )

(IF NO, GO TO 5)

3. If so, what kind of belts? ( ) Lap ( ) Lap and shoulder

( ) Don't know ( ) Not sure about
shoulder part

4. Were you wearing your seat belts?

Lap only ( ) ( ) No belt
Lap and shoulder ( ) ( ) Shoulder only

( ) Unknown or don't remember

For those who were wearing their shoulder belt :

Since you were wearing your shoulder belt, can you tell me if

yours is the kind that allows you some freedom of movement while you're
belted in? (If they need an explanation use turning on the radio or

opening the glove compartment as illustrations of freedom of movement).

Yes ( ) No ( ) Can't say or don't remember ( )

In your accident did the shoulder belt hold you in place? In

other words, did it "lock up" like it was supposed to?

Yes ( ) No ( ) Can't say or don't remember ( )

If they don't remember ask, "Did you feel like any part of your
chest had been bruised or was sore after the accident from where the
shoulder belt went across your chest?" Yes ( ) No ( )

"Did your waist feel especially sore from the lap belt?" Yes ( ) No ( )

Did you hit the steering wheel at that time?

Yes ( ) No ( ) Can't say or don't remember ( )
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5. Did the officer ask you if you were wearing a seat belt?

Yes ( ) No ( ) Can't say or don't remember ( )

6. Were you injured? Yes ( ) No ( )

If YES, would you describe your injury as slight ( ), moderate ( ),
severe ( )?

Could you please describe where your injuries were and what types of
injuries you had.

7.

If you weren't really injured, can you recall if you had any aches or
pains?

Yes ( ) No ( )

If yes, can you describe where?



'•
.



APPENDIX E

Hospital Survey ;

The Hospital Report Form



Highway Safety Research Center
University of North Carolina

Chapel Hill

AUTOMOBILE INJURY AND SEAT BELT DATA

HSR-006

Instructions: Please complete one form for each patient treated for injuries

due to an automobile crash. Return the form to HSRC in the

attached pre-addressed envelope. No stamp is necessary. If

you have any questions please feel free to call collect Ms.

Lucy Smith or Ms. Jane Youngblood at (919) 933-2202.

1 . Patient ' s Name
F i rs t Middle Last

Date of Birth Date Treated

2. Patient's Address
Street or P.0. Box

City State Zip Code

3. Safety Restraint Use: a.

b.

c.

d.

No Belt

Lap Belt

Both Lap

Unknown

Only

and Shoulder Belt

Name and Title of
Person Completing Form:
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ABBREVIATED INJURY SCALE

>EVER UYI

CODE

0
(Zero)

SEVERITY CATEGORY/INJURY DESCRIPTION

MINC* z
Aches o 1 1 over

.

Minor locerations, contusions, ond obrosions (first aid—simple

closure ).

All 1° or smoll 2° or small 3° burns.

HEAD AND NECK
Cerebral injury with hcodoche, dizziness, no loss of consciousness.

"Whiplash" complaint with no onatomical o- radiological evidence.

Abrosions and confusions of ocular apparatus (lids, conjunctiva,

cornea, uveal in juries ), v itreous or retinal hemorrhage.

Fracture and/or dislocations of teeth.

CHEST
Muscle oche or chest wall stiffness.

Muscle ache, seat belt obrosion; etc.

E XTREMITIES

Minor sprains and fractures and/or dislocation of digits.

MODERATE

GENERAL
E* tensive contusion-, abrasions; lo'ge lacerations, avulsions fie

than 3 w ide 1

.

1 3-2 0° t bod/ surface 2° or 3° txirns

HEAD AND NECK
—Ce-eb-o' "ury *.;*u o' w.'tnou >*»'! fro Mure, less than 15minu*e

u _-n >c i ou sn e > s ; nc post-' aumcfic onre in.

jodisp.aced .Ru'/ o- 'oca bone freclu'e*. c- compound ‘roc ture or

ncse .

loceoficn, c *• e eye ond appendages, ref-no aetocome''*

.

Di/igurir.g iocerctions.

- .eve'e comply in*s wi rh onc'omica f adic cgiccl

evider ce .

CHEST
Simple ‘-a o- i'e nol fvctu e. .

Mo,o- co" “u,io"'S of che.t *3!' without Senctho ra* or cr-eumofhora •

or respiratory r~bo ros,men' .

A6DC M'NA L

Mo jcr cm- > 2 Ddom *.3
I

: Y TP cvr'i . -ND C R PEtA iC C-iRDl E

---Compound f'octu-es of a/',.

sjnc-sn need long bone o pel. ; 'octu es

-Mo •

SEVERE (Net L fe-Thr«otening)

GENERAL
E* tensive ccn-sions, oo*asionj, a'ge 'dcerotion, in«o . ng no e f^on

•wo tren ,‘ies. O' large avulsions greo’-»r than j w de '.

20-30“ body su'foce 2° o' 3
s ourns.

HEAD AND NECK
Cerebrcl injj. y w tn or without skuM fracture, w it+s uncon- nousness

more than 15 minutes; without .evere neurologico! signs, b< ief post-

troumofic omnesio (less than 3 hours).

Displaced closed skj!l froctures without ur*;on>c iousness O' other signs

of int'oe a

Loss cf eye,

Displaced *c

menf

.

Cervico 1 ,p.

1 i 0

1

injury.

O' evulsion of optic nerve.

c lo I bone froctures or those with onfroi or o'bitol involve-

ne froctu'e* without cord damage .

CHEST
Multiple rib froctures withou* respiratory emborrossmenf .

Hen cfhorox or pneumothorox .

Rupture of diophrogm .

Lung contusion

.

ABDOMINAL
Confusion of obdom nol orgons

Exfroperifoneol blodder rupture

Retroperitoneal hemorrhoge

Avulsion of ureter

Locerafion of urethro

— Thoracic or lumbo' spine fractures without neurological

1 nvol vement

EXTREMITIES AND QR PELVIC GIRDLE

D'sploced simple long-bone fractur

hood ond foot fractures

Single open long-bone fractures

Pelvic fracture with displacement

Dislocation of major joints

Multiple ompufofions of digits

Locerofions of the major nerves or

and O' multiple

essels of extremities

SEVERITY

CODE SEVERITY CATEGCRY/INJURY DESCRIPTION

* Developed by the American Med. col Association Committee on Med col Aspects of Automotive

Safety, in cooperation with physicians representing medical specialties most involved > n t‘ie

diagnosis, core and f'eo'menf of crash injuries, and Generol Motors Corpo»ofion
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4. Overall Severity of Injuries: (see p.2 for injury scale)

(U Minor (5) (ZD Critical

(2) Moderate (6) (HI Fatal

(3) [HI Severe, Not Life Threatening (7) d Unknown

(4) Serious, Life Threatening

5. For Each Injury:

a. Indicate the location of the injury by marking on the drawing below.

b. Write the degree (e.g. major, slight, compound, 1-in. etc.)

and nature (e.g. burise, laceration, abrasion, fracture, burn,

internal injury, etc.) of this injury.

EXAMPLE






